ABSTRACT: The urogenital system of male Echinopardalis atrata consists of the products from: 1) 2 testes, 1 of which is located preequatorially, 2) a capsular type of protonephridial system attached on the dorsal surface at the junction of the dorsal ligament sac and the genital sheath, and 3) 8 rectangular cement glands immediately anterior to the excretory bladder and whose individual ducts are enclosed by the genital sheath. Each of the 2 vasa efferentia pass beneath the bladder and adjacent to the genital sheath. These ducts fuse near the posterior terminus of the bladder. The vas deferens so formed is medial to the excretory canal but remains in a dorsal position. The two capsular protonephridia extend anteriorly from the anterior dorso-lateral surface of the excretory bladder. Each enters the bladder through an obliquely oriented nephridial canal. A single excretory canal exits the ventral surface of the bladder. This canal is lined with cilia for most if not its entire length. Anterior to the penis it is joined by the vas deferens to form the urogenital canal into which the ducts from the cement glands empty. All 3 systems empty to the outside through the penis by way of the gonopore. Each of these systems is depicted using photographs of cross sections taken at various positions between the cement glands and the bursa.
In a recent review of protonephridial excretory systems, Dunagan and Miller (1986) noted that current information suggested that there were 3 designs for this system. The 2 most common, dendritic and capsular, are the best described but still poorly understood. Indeed, the information on the capsular design is largely from Meyer (1931 a) who first recognized and named this type following his studies of Oligacanthorhynchus taenioides. However, his studies and line drawing were based only on female specimens. Von Haffner (1942a) was the next person and the last in our opinion to make a significant contribution toward understanding the organization of this design. He studied both sexes of Oligacanthorhynchus thumbi and represented his results in the form of a series of line drawings of cross sections of the urogenital system. Included in this system was the dorsal ligament sac. Von Haffner (1942a, p. 285) stated that the area enclosed by the genital sheath ("Leitungsschlauch") was but the third part of the ligament sac. We do not include the ligament sac in this study and do not address the question of its relationship to the systems mentioned.
Several general accounts of acanthocephalan urogenital systems have been published since the work of Meyer (1932) . These reviews (Hyman, 1951; Petrochenko, 1956; Yamaguti, 1963; Miller and Dunagan, 1985; etc.) include information on capsular protonephridia but do not expand previous studies. Likewise, taxonomic papers have typically added little, if anything, on the excretory system or its relationship to other components of the urogenital system. For example, Machado Filho (1950) reviewed and revised the genus Prosthenorchis members of which are presumed to have a capsular-type excretory design. Yet, most of his illustrations omit these structures. However, when illustrated, the figures are very small (3 mm) and include only the capsule. The text is equally brief, pointing out that the type of excretory system has not historically been important in taxonomic studies.
The purpose of this study in Echinopardalis atrata is to show the relationship of a capsular designed protonephridial system to other components of the urogenital system.
Materials and Methods
Live worms were removed from dogs (Canis familiaris) exterminated in Cairo, Egypt. Infected dogs were from the districts of Torah, El-Basateen, and Maasara. Upon removal from the intestine, the worms were briefly washed in tap water and then fixed in AFA or 2% glutaraldehyde. No attempt was made to control osmotic pressure or pH during fixation. Specimens were prepared for routine paraplast embedding and sectioned at 8 jum. Staining was accomplished by standard methods for hematoxylin and eosin. Two sets of serial sections were prepared and form the basis of this report. The position of Saefftigen's pouch which Kaiser (1893) described as ventral was used as the basis for dorsal-ventral orientation. All photographs are organized with dorsal to the top. Figures 1-12 have the same scale which is depicted in Figures 1, 2 , 7, 10, and 12.
Results
The urogenital system of male worms consists of: 1) a dorsally located capsular-type protonephridial excretory system, 2) a series of 8 rectangular, tightly packed cement glands and their associated ducts, and 3) testes and exit passages for sperm. However, in a larger sense, this system also includes Saefftigen's pouch and various muscle groups including the bursa complex. The paired capsular protonephridia extend anteriorly from the anterior fourth of the excretory bladder. The exact shape and position of these oblong capsules vary with compression of body wall musculature as well as with the degree of expansion of the excretory bladder. This variation is obvious by comparing the 2 capsules in Figure  1 . Flame bulbs which cover the capsule surface are seldom oriented perpendicular to that surface but appear to enter from an oblique angle (Figs. 14, 15) . A large number of cilia fill each flame bulb. The bladder wall varies considerably in thickness ( (Fig.  7) is not patent but a narrow band of solid tissue attached to the genital sheath. The anterior attachment is similarly organized. Each flame bulb appears to open individually into a capsule which has a small lumen which empties into a nonciliated canal leading into the bladder along its dorso-lateral surface. The description of this entry point varies depending on fullness of the bladder. The wall of each capsule has 3 nuclei evenly distributed but located predominately on its outer pseudocoelomate surface. The contents in the lumen of the bladder contain material which precipitates during fixation often forming a cobweblike appearance. The bladder contains no cilia and empties via a single excretory canal (Figs. 2-11) originating in the posterior half of the bladder wall (Figs. 3-6) along its medial surface immediately dorsal to paired vasa efferentia. This origin is about the same level as the anterior margin of Saefftigen's pouch (Fig. 6 ). Notice that the excretory canal travels in the wall of the bladder (Figs. 4, 5) a short distance prior to penetrating the genital sheath (Fig. 6) . By the time the posterior terminus of the bladder is reached (Fig.  7) , this canal lies between and slightly dorsal to the vasa efferentia. It will remain in this position until the vicinity of the bursa where it merges ( Fig. 11) with the vas deferens to form the urogenital canal. Cilia are observed for much of the length of the excretory canal and may be present throughout although this is not obvious in the anterior portion of this tube. Prior to the junction with the vas deferens, the excretory canal enlarges (Fig. 16) forming a "Y"-shaped structure (Fig. 11 ) which reverts to a cylinder-shaped urogenital canal (Fig. 12) as the cement gland ducts prepare to enter. Cilia are observed throughout this area.
Four pairs of tightly packed rectangular-shaped cement glands are located immediately anterior to the genital sheath. Each gland has a single large nucleus. Two testes are anterior to the cement glands although separated from the latter and from each other by short distances. A vas efferens from each testis and a single duct from each cement gland extend posteriorly. At the level where dorsal ligament sac and genital sheath join these 10 tubes occupy the space enclosed by the genital sheath. This area is narrowed (in comparison with that more anterior or posterior) by the yoke of the bursa protrusor muscles. Thus, Figure 1 is smaller than Figure 7 . The appearance of Saefftigen's pouch rapidly displaces remaining structures in a dorsal direction (Fig. 7) . This highly muscular organ occupies much of the space enclosed by the genital sheath for a distance of about 1,600 Mm after which it becomes smaller (Figs. 8-12 ) but rather uniform in size until it enters the bursal muscles. As it becomes smaller, the cement gland ducts increase in diameter . After formation of the urogenital canal, they become much smaller and encircle this tube (Fig. 12) . After the penis musculature has encircled the urogenital canal, these ducts rapidly become smaller and empty individually into this canal beginning with the most ventral pair and concluding with the most dorsal pair (Fig. 13) . All components exit the penis through a common gonopore.
Discussion
A very small number of papers exist that include information on the excretory system of Acanthocephala or its relationship to the urogenital system. This is largely because these systems are found only in a single family, Oligacanthorhynchidae. Also, since most publications on these parasites are taxonomic in nature and taxonomists have not considered the excretory system of discriminating value, this sytem has been overlooked, ignored, and underrepresented Excretory canal ventral to genital sheath. Notice size of Saefftigen's pouch. 8. Excretory canal dorsal to vas deferens. Note enlargement and position of cement gland ducts. 9. Anterior edge of bursa complex just prior to formation of urogenital canal. 10. Organization of excretory canal before entry of vas deferens. 11. Entry of vas deferens to excretory canal forming urogenital canal. 12. Cement gland ducts prior to entry into urogenital canal. Penis musculature surrounds ducts. B, excretory bladder; BM, bursal muscle; CG, cement gland ducts; CM, circular muscle; EC, excretory canal; GG, genital ganglion; GS, genital sheath; LM, longitudinal muscle; P, capsular protonephridium; S, Saefftigen's pouch; T, tegument; UCG, urogenital canal; VE, vas efferens; X, vas deferens. Dorsal is top of photograph. All photographs to same scale organized from anterior to posterior.
in their descriptions of new species or evaluations of previous information. Apparently, Golvan (1959) spoke to this point at the 15th International Congress of Zoology. Until 1931 (Meyer, 193la) descriptions of protonephridia and associated excretory systems were focused on Macracanthorhynchus hirudinaceus. This information had been reviewed and updated by Kaiser (1892 Kaiser ( , 1893 and Schepotieff (1908) . Meyer (193 la) erected a new class of protonephridia (capsular) based on his observations on female Oligacanthorhynchus taenioides. The third and final type was proposed by von Haffner (1942b) in female Gigantorhynchus echinodiscus. This last type consists of a single cell with an intracellular ciliated pouch and has not been reported since its original description.
The work of 2 authors (Meyer, 193la, b; von Haffner, 1942a) form the basis of our current information on urogenital systems with capsular designs. The work of Kilian (1932) might be thought to add to this since he gave a good description of Harnanniella microcephala which is currently (Amin, 1985) listed in the genus Oligacanthorhynchus along with O. taenioides. However, Kilian described a dendritic system in O. microcephala and Meyer (193 la) described a capsular system in O. taenioides. This conflict suggests that the generic placement of some species in this family may have to be reconsidered.
Meyer's (193 la) description of the capsular excretory system in female O. taenioides depicted a capsule with a large number of small diameter flame bulbs radiating perpendicular from its surface and whose wall contained 3 nuclei. The excretory bladder was described as thin walled. That same year Meyer (1931b) described several new species with capsular protonephridia. His textural descriptions were seldom more than single sentences, but he made 3 line drawings (figs. 27, 49, 73) one of which ( fig. 49 ) was more detailed and most nearly compares with our observations. His figure 49 shows a capsule in Pachysentis procumbens covered with stubby flame bulbs that radiate from the surface in perpendicular fashion. Three large nuclei are also shown in the capsule wall. Their size is such that they cover the entire lumen of the capsule.
Von Haffner (1942a) described the urogenital system in juvenile Oligacanthorhynchus thumbi. His figure 15 (p. 281) showed the flame bulbs to be very long narrow projections radiating in per- pendicular fashion from the capsule surface. However, his drawing of a cross section of the same area ( fig. 27 , p. 287) had the orientation of flame bulbs in a more random fashion which corresponds with information presented here. Von Haffner's figure 15 also depicted the capsule emptying into the excretory bladder in a middorsal position, whereas in this species, this system empties more anteriorly and along the dorso-lateral surface. The excretory bladder was considered by von Haffner (1942a, p. 286 ) in a narrow sense. He apparently restricted this term to the lumen or cavity and considered its surrounding wall the "Polsterstiel" or swollen section of the "Leitungsschlauch." His drawings confirm this view. In contrast, we consider the entire structure into which the capsule empties to be the excretory bladder. Its location on the dorsal surface at the junction of dorsal ligament sac and genital sheath agrees with all previous descriptions regardless of excretory type. The variety of shapes and sizes of this structure suggests that it is an expandable organ.
The vasa efferentia form the vas deferens about halfway between excretory bladder and bursa in O. thumbi. Meyer (193 la) did not examine male O. taenioides. In Pachysentis the vas deferens forms at the posterior terminus of the excretory bladder which is much anterior to the location where this occurs in O. thumbi. However, the ventral entry of the vas deferens into the excretory canal is the same for both descriptions and occurs at the anterior edge of the penis. Moreover, Saefftigen's pouch is shown by von Haffner (1942a) as a spindle-shaped organ that never forms a uniform diameter duct prior to entry into the bursa. In this species, the enlarged spindleshaped portion occupies less than half the length of the genital sheath. The remaining length consists of a large muscular rather uniformly shaped extension (Figs. 8-12 ) which occupies a prominent position adjacent to the genital sheath along its ventral surface. The distribution of cilia in the urogenital system and excretory canal is about the same. We are unable to verify the presence of cilia in the anterior part of the excretory canal because of the small size of the tube in these specimens. Considerable difference occurs between von Haffner's (1942a, p. 290 ) description of the entry of cement gland ducts into the urogenital canal in O. thumbi and our observations for Echinopardalis atrata. In O. thumbi the 4 cement gland ducts on each side unite into 2 very short "Ausfuhgange (Sammelgangen)" which enter the vas deferens shortly before (i.e., anterior) it joins the excretory canal. An examination of Figures 11 and 12 clearly shows that the cement gland ducts are very much intact posterior to the formation of the urogenital canal. Our serial cross sections show the cement gland ducts entering individually in pairs beginning with the most ventral ducts. The remaining part of the urogenital system compares favorably in both species. We believe this is only the second description of a male urogenital system containing a capsulartype protonephridium. The differences observed may reflect their different generic positions. Unfortunately, as pointed out previously, we cannot be sure of their proper taxonomic position.
